The compressive strength factor in civil engineering is a very important parameter used to determine the performance of structures. The stability of structures can be tested with this parameter which is used to measure the performance of concrete under different loads. This parameter, which should be determined for the safety of the structures, is usually based on experimental analyses performed in the laboratory environment. In this study, a new approach to compressive strength measurement in civil engineering is proposed. With this approach, which is based on image processing, measurement of compressive strength parameter of concrete samples taken from structures is performed. For this purpose, images of concrete specimens with different strengths are taken and these images are divided into two groups as training and test set. Then, image processing algorithms are applied to these images and the compressive strength of concrete specimens is calculated. It has been determined that the approach suggested in the test runs performed with an error rate of about 1-2%.
Introduction
Today, almost all of the buildings consist of reinforced concrete structures. One of the main factors in measuring the performance of these structures is the strength of concrete [1] . Especially earthquake and environmental conditions affect the structure of these structures over time. In order to measure these effects, various experimental works are carried out on the concrete with laboratory or on-site examinations. In this view, the performance of reinforced concrete structures is evaluated [2, 3] . One of the most important parameters used for performance measurement in reinforced concrete structures is the compressive strength [3] . The compressive strength is basically defined as the strength of concrete under certain loads to show that it is not broken. Various factors such as water / cement ratio, water quality, aggregate particle size and shape, cement properties, properties and quantities of chemical additives and environmental conditions are very important factors in construction. Many different methods are used in order to determine the compressive strength parameter, mainly laboratory experiments [4] . Depending on the developing technology, there is a constant innovation in the field of civil engineering. The development of measurement techniques is one of these innovations. One of the works carried out for this purpose was the measurement of the size of the cracks formed on the concrete samples. In this work, where micro fractures were measured, electron microscopy was used to display cracks. The images obtained from the microscope were examined by an image processing algorithm and the dimensions of the micro cracks were measured on the samples [5] . In another study carried out on the subject, the measurement of the air voids between the aggregates used in the concrete was carried out by image processing. In this work, these air voids affecting the compressive strength of the concrete were determined and the state of the void ratio between the air voids was observed. [6] . Nambiar et al. [7] have proposed a method to measure the effect of air voids in aerated concrete on the concrete density and strength in a given study. In the method, a camera connected to an optic microscope and image processing software are used. The distribution of the air voids on the density and strength parameters is presented in detail with the proposed method. In a study similar to this subject, characterization of elastic and time-independent deformations of aerated concrete was performed by image processing. A sample taken from the concrete is taken through a microscope connected camera and transferred to a computer for image processing. The samples used in the experiments were 28 days and the range of deformations was determined according to the pixel density obtained from the image processing. A block diagram summarizing the experimental setup used in this method is as shown in Fig. 1 [8] . [8] Image processing technology is often used in many engineering disciplines to detect faults and problems [9, 10] . One of these studies proposed an automated inspection system that detects concrete cracks in the tunnels. In the proposed approach, the detection of cracks in cross, horizontal, vertical and complex structures has been performed by using image processing techniques. In addition to the image processing, the Dijkstra graph method was used to determine the type of crack. The approach proposed in this study is confirmed by laboratory and onsite experiments, and a block diagram summarizing the study is as shown in Fig. 2 [11] . [11] In a study conducted for the measurement of concrete strength, 10 samples were produced using C20 class concrete. Eight of the samples were subjected to laboratory tests and the remaining 2 samples were subjected to image processing techniques. In the laboratory experiments it was measured that the samples had a strength of 28 MPa. When the results obtained by image processing are examined, it is observed that the porosity of the reinforced concrete samples is less [12] . In another work related to the subject, concrete compressive strength is measured by image processing and artificial neural networks. Arithmetic mean and standard deviation information are extracted from the pixel data of sample images taken through a camera. This data is then given as input to an artificial neural network and the compressive strength parameter of the concrete is estimated. Experimental studies demonstrate the correctness of the proposed approach [13] . Basyigit et al. [14] has used images to predict the concrete classes in their work. For this purpose samples with different compressive strengths were produced and laboratory studies were carried out on these samples. It has been found that aggregate and cement matrix percentages can be obtained in the concrete with the proposed approach, and compressive strength can be determined depending on these values.
Auto-focus
In this work performed, image processing based concrete compressive strength parameter measurement process is done. In the second part of the study, the compressive strength parameter was investigated. The proposed method is presented in the third part of the work and the experimental results are given in the fourth part. In the fifth and last section, the results obtained from study were evaluated.
Compressive Strength
Compressive strength is a very important parameter used to measure the durability of reinforced concrete structures. The measurement of this parameter, which is traditionally based on laboratory and on-site measurement experiments, has a rather heavy and challenging process. The measurements in the compressive strength measurement are basically divided into two groups, destructive and non-destructive. These groups are examined in sub-sections.
Destructive Measurements
This measurement technique is usually based on analyses performed in a laboratory environment. The samples obtained from the construct are placed in the concrete crushing machine in the laboratory environment and subjected to the crushing process. In this process the concrete crushing machine can load the samples at different compressions. At this point, it is possible to determine the point at which the sample used in the test process can withstand the maximum. A sample image of the compressive strength test performed in a laboratory environment is presented in Fig. 3 . 
Non-Destructive Measurements
In non-destructive measurement technique, analysis is made by insitu measurement process without damaging the structure. This technique of measurement involves different techniques in the literature. Although these methods provide significant advantages over time, they can require costly measurement tools. An exemplary image of this measurement technique is as shown in Fig. 4 . In addition, destructive and non-destructive measurement techniques are summarized in Table 1 . 
Methods
Destructive Non-Destructive Precision
In this proposed approach, an image processing based approach to non-destructive measurement techniques is proposed. Sample images taken via a camera are pre-processed using image processing software and the results are given as input parameters to artificial neural networks designed in the scope of the study. The compressive strength parameter is obtained from artificial neural networks. The most important advantage of the proposed approach is time and cost.
Proposed Method
In this study, a non-destructive measurement method was developed for the determination of the compressive strength parameter which is an important issue for civil engineering. Image processing and artificial neural network methods are used in the proposed approach. The concrete samples with different strengths obtained in the study were evaluated in two different groups as training and test. These samples used in the experiments are prepared in the laboratory environment and have a waiting period of 28 days. The purpose of this waiting period is to ensure that the concrete gains strength. A block diagram summarizing the proposed approach in this framework is as given in Fig. 5 . In the approach suggested in the study, first concrete samples were prepared in the laboratory environment. These specimens were subjected to a 28-day waiting period to gain strength. The samples obtained at the next stage of the study were divided into two groups as training and test set. 80% of the samples were used for training and 20% were used for testing. These specimens, which are reserved for training and testing, can be taken through a camera. At the next stage of the work, these specimens were subjected to a compressive strength test in the laboratory environment. As a result of these tests, the compressive strength of each sample is obtained. In the next stage, the images of the previously obtained samples were subjected to the image processing approach suggested in the study. Image clipping is applied to image processing and redundant images in the remote sample are removed. Later, these images were converted to gray color space. Standard deviations, arithmetic mean and median information were extracted from images converted to gray color space. The arithmetic average is obtained by dividing the sum of all the p0ixel values by the number of rows and columns, while the median value is the median of the pixel values ranked from small to large. The expression of the standard deviation obtained in the study is given in Equation 1.
In the proposed approach, these parameters obtained as image processing result are obtained separately for training and test set. After completion of these procedures for training and test clusters, the samples are subjected to a compressive strength test in the laboratory environment and the compressive values obtained are recorded for use in artificial neural networks, the next stage of the study.
At the next stage of the system, artificial neural networks are being trained. In this process, the standard deviation, arithmetic average and median values obtained from the images of the samples used in the training set are used to enter the network. The output values of the network are compressive strength parameters. In other words, a neural network with 3 inputs and 1 output was established.
The training parameters of artificial neural network designed in the study are presented in Table 2 . Goal 1xe -8 Iteration 1000
As can be seen from Table 2 , 80 data were used for neural network training. Once the intended purpose of the designed artificial neural network has been achieved, the design has been recorded for use in testing operations. An image showing the development of the artificial neural network in this frame and a flow diagram summarizing the steps of the operation are shown in Fig. 6 and 7 , respectively. 
Experimental Results
In this study, compressive strength, which is an important parameter used to measure the performance of structures in civil engineering, is determined by using image processing and artificial neural networks. The samples used in the study were taken through a camera and the feature extraction process was performed by image processing algorithms. These properties were also introduced to the artificial neural networks designed in the scope of the study and the system was trained. At the end of the study, the samples collected for the test set were evaluated and the correctness of the proposed approach was provided. An image of the laboratory environment in which this study is performed is given in Fig. 8 . The proposed approach is basically composed of two parts. The first is to obtain the standard deviation, arithmetic mean and median information from the samples with image processing. The specimens used in the study have different compressive strengths, and images of some of these specimens are presented in Fig. 9 . In addition, the information obtained from these samples is given in Table 3 . In this paper, 80 training and 20 testing data were used. These specimens used in the study have different strengths. Standard deviation, arithmetic mean and median values of these samples are presented in Table 4 . In the study, estimated compressive strengths obtained after the evaluation on the test specimens, the actual compressive strengths obtained in the laboratory environment and the ratios of these two values are given in Table 5 . 
Conclusions
In this study, image processing and artificial neural network based prediction of compressive strength method is developed. For this purpose, concrete specimens prepared in the laboratory environment were taken and compressive strength were determined after subjected to compressive test. Afterwards, the images taken from the samples were examined with an image processing algorithm and standard deviation, arithmetic mean and median values were obtained. The obtained values were trained by the artificial neural network designed in the study and verification of the system was made with test data. In the experimental studies carried out, it was found that the proposed approach works with an error rate of about 1-2%.
